Atorvastatin modulates anti-proliferative and pro-proliferative signals in Her2/neu-positive mammary cancer.
The widely used anticholesterolemic drugs statins decrease the synthesis of cholesterol and the isoprenylation and activity of small G-proteins such as Ras and Rho, the effectors of which are often critical in cell proliferation. Thanks to this property, it has been hypothesized that statins may have anti-tumor activities. We investigated this issue in BALB-neuT mice, which developed Her2/neu-positive mammary cancers with 100% penetrance, and in TUBO cells, a cell line established from these tumors. Contrary to the mammary glands of BALB/c mice, the tumor tissue from BALB-neuT animals had constitutively activated Ras and ERK1/2. These were reduced by the oral administration of atorvastatin, but the statin did not prevent tumor growth in mice nor reduce the proliferation of TUBO cells, although it lowered the activity of mevalonate pathway and Ras/ERK1/2 signaling. By decreasing the mevalonate pathway-derived metabolite geranylgeranyl pyrophosphate and the RhoA/RhoA kinase signaling, atorvastatin activated NF-κB, that sustained cell proliferation. Unexpectedly Her2-positive cells were much more sensitive to the inhibition of RhoA-dependent pathways than to the suppression of Ras-dependent pathways elicited by atorvastatin. Only the simultaneous inhibition of RhoA/RhoA-kinase/NF-κB and Ras/ERK1/2 signaling allowed the statin to decrease tumor cell proliferation. Our study demonstrates that Her2-positive mammary cancers have redundant signals to sustain their proliferation and shows that statins simultaneously reduce the pro-proliferative Ras/ERK1/2 axis and activate the pro-proliferative RhoA/RhoA-kinase/NF-κB axis. The latter event dissipates the antitumor efficacy that may arise from the former one. Only the association of statins and NF-κB-targeted therapies efficiently decreased proliferation of tumor cells.